Despite significant improvements, the current management of primary osteosarcoma is still limited by the development of metastatic disease, which occurs in approximately 30% of patients despite aggressive multiagent chemotherapy and tumor-ablative surgery. Therefore, there is a need for the development of novel agents to improve the outcome of these patients. Pigment epithelium-derived factor (PEDF) has been shown to be one of the most potent inhibitors of angiogenesis, and more recently has demonstrated a functional role in tumor growth, invasion and metastasis. In this study we report, for the first time, the multitargeted role of PEDF in the inhibition of growth, angiogenesis and metastasis of two orthotopic models of osteosarcoma (rat UMR 106-01 and human SaOS-2). Through stable plasmid-mediated gene transfer of full-length human PEDF, we show that PEDF overexpression significantly reduced tumor cell proliferation (Po0.05) and Matrigel invasion (UMR PEDF , Po0.001; SaOS PEDF , Po0.05) and increased adhesion to collagen type-1 (Po0.01), in vitro. In vivo, PEDF overexpression dramatically suppressed orthotopic osteosarcoma growth (Po0.05) and the development of spontaneous pulmonary metastases (UMR PEDF , Po0.05; SaOS PEDF , Po0.001). Furthermore, PEDF-overexpressing tumors exhibited reduced intratumoral angiogenesis, evidenced by a significant decrease in microvessel density (Po0.05). Therefore, together these results suggest that PEDF may be a new and promising approach for the treatment of osteosarcoma.
Introduction
Osteosarcoma is the most common primary bone tumor in childhood and adolescence and represents the second highest cause of cancer-related death in this age group. 1 Up to three decades ago, first-line treatment of this tumor consisted of limb amputation, and despite this, the overall survival was 10%, with most patients succumbing within 1 year from presentation. 2 It has been since the introduction of effective multiagent chemotherapeutic regimes and aggressive limb-sparing surgery, that the long-term survival for such patients has dramatically improved to approximately 60-70%. 3 However, in spite of this improvement, 30-40% of patients with localized osteosarcoma of the extremities relapse, most commonly to the lungs. 4 Therefore, it is the inability to eradicate the micrometastases that are invariably present at initial diagnosis that remains the greatest challenge in the management of this disease. Moreover, of the 20% of patients that present with primary metastatic osteosarcoma, the prognosis, even with aggressive treatment, remains poor, with a 5-year survival of B30%. 5, 6 Hence, it is clear that novel therapies are indeed needed to improve the outcome of these patients.
Pigment epithelium-derived factor (PEDF) is a 50 kDa secreted glycoprotein that was first identified and isolated from the conditioned media of primary human fetal retinal pigment epithelial cells. 7 Although initially shown to be an effective neurotrophic factor, 8 PEDF was later discovered to have potent anti-angiogenic activity, far greater than any other known endogenously produced factor. 9 Furthermore, PEDF has been implicated in the pathogenesis of various conditions, including chronic inflammatory disease, atherosclerosis, diabetic complications and cancer. 10 In cancer, PEDF has recently been reported to be a key prognostic marker in the development and progression of several tumors, including breast, 11 lung, 12 prostate 13 and pancreatic carcinoma, 14 as well as in gliomas 15, 16 and lymphangiomas. 12 Decreased intratumoral expression of PEDF is associated with a higher microvessel density (MVD), a more metastatic phenotype and poorer clinical outcome. The mechanisms through which PEDF exerts its antitumor activity seems to be multiple, with studies showing widespread activities against tumor proliferation, cellular invasion, migration, differentiation and tumor angiogenesis. 17 To date, a few studies have tested the therapeutic potential of PEDF against a number of tumor models, both in vitro and in vivo, and have demonstrated inhibition of growth and the suppression of metastasis in cancers, such as pancreatic carcinoma, 18 prostate carcinoma, 19 melanoma, 20 neuroblastoma 21 and ovarian cancer. 22 In these studies, however, all have used models that have developed following ectopic implantation of cancer cell lines. Hence, no paper has reported the role and antitumor effect of PEDF in an orthotopic model of cancer (i.e., a tumor grown within its organ of origin).
In this study, we investigated both the in vitro and in vivo growth characteristics of two osteosarcoma cell lines, rat UMR 106-01 and human SaOS-2, that were stably transfected to overexpress human PEDF. Here we demonstrate for the first time the ability of plasmidmediated gene transfer of PEDF to directly inhibit tumor growth and metastasis, and also suppress angiogenesis in two clinically relevant orthotopic models of osteosarcoma.
Materials and methods
Cells, culture conditions and mice Osteosarcoma cell lines, rat UMR 106-01 (from St Vincent's Institute of Medical Research) and human SaOS-2 (American Tissue Culture Collection, Manassas, VA), were both cultured in a-MEM (Invitrogen, Melbourne, Australia) supplemented with 10% fetal calf serum (FCS, giving complete medium). Culture conditions comprised of 371C in a humidified 5% CO 2 atmosphere. All animal experimentations were performed in accordance to the St Vincent's Health Animal Ethics Committee guidelines. Five-week-old Balb/c nude mice were purchased from the Animal Resource Centre, Australia, and maintained under specific pathogen-free conditions. Male mice were used for orthotopic inoculation of UMR 106-01 cells, and female mice were used for SaOS-2 cells.
Stable transfection of PEDF into osteosarcoma cells
Human PEDF cDNA was isolated from muscle RNA and cloned into a pCR-II vector (Invitrogen) for transformation. A BamH1-Xba1 insert was then cloned into a pcDNA3.1-his-myc(À)A vector (Invitrogen) for transfection. Cells were transfected with Lipofectamine (Invitrogen) according to the manufacturer's instructions. Osteosarcoma cells transfected with pcDNA3 empty vector plasmid DNA were used as controls. Transfected cells were selected using a G418 (neomycin analogue). The expression of PEDF mRNA in stably transfected clones was confirmed by reverse transcription-polymerase chain reaction (RT-PCR), whereas PEDF protein was examined by western blot analysis and immunohistochemistry. After confirming the efficiency of the transfection, three groups of cells were selected for further experiments, a parental cell line (UMR PAR and SaOS PAR), PEDF-overexpressing cell line (UMR PAR and SaOS PAR ) and a vector-only cell line (UMR VECT and SaOS VECT ).
RNA extraction and RT-PCR
Cells were grown in 175 cm 2 culture flasks (SigmaAldrich, Sydney, Australia) to B90% confluency and were then trypsinized and washed in 1 Â phosphatebuffered saline (PBS) and placed into Trizol reagent (Invitrogen) for total RNA extraction according to the manufacturer's guidelines. The Expand Reverse Transcriptase-PCR and PCR Master (Roche Diagnostics, Australia) kits were utilized in accordance to the manufacter's guidelines. A negative control (no cDNA template) was always included in each series of PCRs. Thrity-five cycles were used at the respective or relatively close theoretical T ann , T ext ¼ 721C, T den ¼ 941C and PCR products electrophoresed on a 1% agarose gel (for primers, refer to Table 1 ).
Western blot analysis
Briefly, cells were grown to 90-95% confluency, harvested and total cellular proteins extracted using modified radioimmuno precipitation assay buffer (150 nM NaCl, 50 mM Tris, pH 8.0, 1 mM ethylenediaminetetraacetic acid (EDTA), 0.1% sodium dodecyl sulfate (SDS) and 1% Triton X-100) with phenylmethylsulfonylfluoride (PMSF) (1 mM), leupeptin (2 mg/ml), aprotinin (2 mg/ml) and pepstatin (2 mg/ml). Approximately 15 mg of protein was electrophoresed through a 4-20% SDS-PAGE (SDSpolyacrylamide gel electrophoresis) gel (Invitrogen) and electrotransferred onto a polyvinylidene difluoride (PVDF; Invitrogen) membrane. Antibodies were visualized using the ECL-Plus chemiluminescence system (Amersham Biosciences, Sydney, Australia). After initial blotting with PEDF antibody (Upstate Biotechnologies, Charlottesville, VA, USA), the PVDF membrane was stripped with 325 mM Tris-HCl, pH 6.7/10% SDS at 701C and probed with GAPDH (glyceraldehyde-3-phosphate dehydrogenase) antibody (Santa Cruz Biotechnology, CA). Semiquantitative assessment of band intensities was made by Image Pro Plus (Media Cybernetics, MD) after normalization with GAPDH.
Cell proliferation assay
Cells were seeded at a density of 5 Â 10 4 cells per well into six-well plates and cultured in a-MEM media containing 10% FBS at 371C/5% CO 2 in quadruplicates. Cells were trypsinized and quantified using trypan blue exclusion and a hemacytometer at day 3 post-seeding. Cells were used within 15 passages.
Invasion assay
Tumor cell invasiveness was examined using chamber inserts with 8 mm filter membranes (BD Biosciences, Sydney, Australia) coated with Matrigel (1:4 dilution; BD Biosciences). Each insert was filled with 5 Â 10 4 cells suspended in 200 ml of a-MEM (serum-free) and placed into wells filled with 800 ml of a-MEM þ 10% FCS, and incubated for 48 h (UMR 106-01) and 72 h (SaOS-2) at 371C in a 5% CO 2 incubator. Cells that had invaded through the Matrigel-coated pores were quantitated after Quick-Dip (Froline, Sydney, Australia) staining, and images were acquired using SPOT Advanced software (SciTech, Melbourne, Australia).
Collagen adhesion assay
Twenty-four-well plates were coated with 0.2% collagen I (BD Biosciences) at 371C for 60 min. Cells (1 Â 10 5 ) were seeded and incubated at 371C for 1 h. Wells were washed twice in 1 Â PBS to remove nonadherent cells, and the remaining cells were enumerated at Â 200 magnification under three random fields using a Nikon Eclipse TE2000-U microscope (Nikon, Sydney, Australia) and photographed with SPOT Advanced software (SciTech).
Orthotopic implantation of tumor cells and monitoring of growth
A total of 2 Â 10 4 cells (UMR 106-01) and 2 Â 10 5 cells (SaOS-2) were injected into the proximal tibia of nude mice as described previously. 23, 24 Tumors were measured in the anteroposterior (AP) and lateral (L) planes) twice weekly using digital calipers and volume calculated using 4/3p
. Legs were X-rayed at 35 kV for 30 s using a cabinet system (Faxitron Corp., Wheeling, IL, USA). At week 5, the mice were killed and the primary tumors and lungs were harvested and fixed in 4% paraformaldehyde. All tissues were embedded in paraffin for histological analysis. Lung metastases were analyzed using Q500MC Qwin software (Leica, Sydney, Australia) following hematoxylin and eosin (H&E) staining on 4-mm sections.
Immunohistochemistry
Tumor microvessels. Immunohistochemical staining of tumor microvessel was carried out by the streptavidinbiotin-peroxidase technique. Briefly, sections were deparaffinized with Solv21 (United Biosciences, Brisbane, QLD, Australia) and rehydrated through a series of decreasing ethanol concentrations. Antigen retrieval was performed by microwave heating in a high pH buffer consisting of 10 mM Tris and 1 mM EDTA (pH 9.0) for 12 min at low heat. Sections were then treated for 30 min with 10% hydrogen peroxide in dH 2 O to block endogenous peroxidase activity. Nonspecific binding was blocked using 10% normal rabbit serum for 30 min at room temperature. The primary antibody (CD34, monoclonal mouse-antihuman; DakoCytomation, Glostrup, Denmark) was diluted to 1:25 and added to sections and incubated overnight at 41C. Sections were then washed twice in 1 Â PBS and the secondary antibody (biotinylated rabbit-anti-mouse secondary antibody, 1:300 dilution; DakoCytomation, Denmark) was added for 30 min at room temperature. Following this, the slides were washed in 1 Â PBS, treated with peroxidaseconjugated streptavidin for 20 min and developed in 3,3'-diaminobenzidine tetrahydrochloride for 10 min. Light counterstaining with Harris hematoxylin was performed before mounting on coverslips.
PEDF expression. PEDF overexpression was assessed by fluorescent immunohistochemistry. Paraffin sections were prepared as described above with the same antigenretrieval technique. Nonspecific binding was blocked using 10% goat serum for 30 min at room temperature. The primary antibody (PEDF, polyclonal rabbit-antihuman; Santa Cruz Biotechnology, CA) was diluted to 1:25 and added to sections and incubated overnight at 41C. Sections were washed twice in 1 Â PBS for 10 min each and the secondary antibody (Alexa Fluor 488-conjugated goat anti-rabbit IgG antibody, 1:2000 dilution; Invitrogen, Australia) was applied for 30 min at room temperature in the dark. For nuclear staining, sections were rinsed twice for 5 min each in 1 Â PBS and then incubated for 5 min with 4,6-diamidino-2-phenyl-indole dihydrochloride. Subsequently, the slides were rinsed in 1 Â PBS and then mounted with DakoCytomation Fluorescent mounting medium, and clear nail polish was applied to the edges of the cover slips. The slides were then stored in the dark at 41C.
To confirm specificity for the primary antibody, negative controls were used in which the primary antibody was substituted with 1 Â PBS.
Assessment of microvessel density
The degree of angiogenesis was determined by calculating the MVD. Immunohistochemical assessment was performed using an inverted fluorescent microscope (Nikon, Eclipse TE2000-U). The MVD was assessed according to a modified version of the International Consensus Report, 25 and this was conducted by two blinded independent investigators (EE & KC). Briefly, the entire section was systematically scanned at low magnification and the areas of most intense vascularization, that is, greatest number of CD34-antigen-positive cells was classified as a 'hot spot'. A hot spot was defined as an area where the density of antigen-positive cells and cell clusters was greater relative to adjacent areas. The selected areas were viewed at Â 400 magnification and the slide was repositioned over the area of the hot spot with the most vessels per field. A positive vessel count was defined as a single endothelial cell, endothelial cell cluster or microvessel that is clearly separated from adjacent microvessels. The mean value of the number of microvessels was calculated from three vascular hotspots within a representative section of tumor.
Statistical analysis
Results were analyzed using MedCalc for Windows v8.1. (Medcalc Software, Mariakerke, Belgium). In vitro and in vivo data were analyzed for statistical significance using the Mann-Whitney U test (two tailed). A P-value p0.05 was considered significant. 
Results

Expression of PEDF in osteosarcoma cells
after plasmidmediated gene transfer After transfection of two clonal osteosarcoma cell lines, rat UMR 106-01 and human SaOS-2
PEDF overexpression inhibits proliferation in vitro
Having determined that PEDF was overexpressed in both UMR 106-01 and SaOS-2 cells, we then investigated whether this influenced tumor cell proliferation in vitro (Figure 2a) . After enumerating cells grown in culture over 3 days, we observed that, in both cell lines, the growth rate of PEDF-transfected cells was significantly reduced compared to controls (Po0.05). As shown in Figure 2a , PEDF overexpression resulted in an approximately 45 and 50% reduction in cell numbers in UMR PEDF and SaOS PEDF , respectively, compared to vector controls (UMR, P ¼ 0.02; SaOS, P ¼ 0.03).
Effect of PEDF overexpression on invasion and adhesion in vitro
Previous studies have reported that decreased intratumoral levels of PEDF is associated with an increased incidence of metastasis and a poorer clinical outcome. 10 Given that metastasis to the lung remains the major cause of death from osteosarcoma, we next investigated the role of PEDF in the inhibition of osteosarcoma metastasis by studying its effect on tumor cell invasion in a Matrigel assay. We found that both UMR PEDF and SaOS PEDF cells showed reduced ability to invade through Matrigel by 96 and 40%, respectively (UMR PEDF , Po0.05; SaOS PEDF , Po0.001; Figure 2b ). Furthermore, PEDF has also been shown to have high affinity to collagen type-1, the most abundant extracellular matrix protein present within bone. 26 Hence, we studied the effect of PEDF overexpression on cellular adhesion to wells coated with collagen type-1. We observed that both UMR PEDF and SaOS PEDF demonstrated significantly increased adhesion compared to parental and vector controls (Po0.01, Figure 3 ). Interestingly, closer inspection of the adherent cells revealed that, in the presence of PEDF overexpression, the morphology of the osteosarcoma cells changed to appear flatter and there was a tendency to form clusters with neighboring cells (data not shown). Together these results suggest that PEDF may play role in regulating tumor cell invasion and adhesion to the surrounding extracellular matrix, which are important aspects in determining a malignant cell's metastatic potential.
PEDF overexpression suppresses primary tumor growth and prevents spontaneous metastasis
Having demonstrated the antitumor effects of PEDF overexpression in vitro, we then examined whether PEDF overexpression influences in vivo primary tumor growth and the development of pulmonary metastasis in two orthotopic models of osteosarcoma. As shown in Figure 4 , UMR PEDF tumors demonstrated slower growth kinetics compared to the parental and vector groups, with a twoto threefold reduction in tumor volumes seen by day 28 (Po0.05; Figure 4a ). Similarly, SaOS PEDF tumors were 59 and 51% smaller at days 28 and 32, respectively (Po0.05; Figure 4b ). While all mice in the control groups developed lung metastases, only 20% (1/5) of mice with UMR PEDF tumors (Po0.05) and no mice with SaOS PEDF tumors developed pulmonary metastases (Po0.001; Figure 4a and b) .
In addition, mice that were orthotopically inoculated with tumors that overexpressed PEDF did not show any difference in body weight (Figure 4c) , and there was no overt evidence of lethargy or soft stools.
Inhibition of tumor angiogenesis in vivo by PEDF
The ability of PEDF overexpression to inhibit tumor angiogenesis in vivo was evaluated by immunohistochemical staining of the tumor microvascular endothelial cells with an antibody against CD34 and determining the MVD. As demonstrated in Figure 5 , we observed a significant reduction in MVD in both PEDF-overexpressing tumor groups with an 85 and 74% decrease seen in the UMR PEDF and SaOS PEDF groups, respectively (Po0.05).
Discussion
As osteosarcoma is invariably a systemic disease at the time of initial diagnosis, the goal of current treatment regimes is to not only destroy primary tumor cells, with reduction in tumor burden, but primarily to eradicate micrometastases. However, despite the effectiveness of modern chemotherapeutics, a significant proportion of patients will still suffer from metastatic relapse, hence the need for discovery and development of novel agents to combat this. In this study, we have demonstrated for the first time that plasmid-mediated PEDF overexpression significantly inhibits in vivo tumor growth and angiogenesis and dramatically suppresses the development of pulmonary metastases in two clinically relevant orthotopic models of rat and human osteosarcoma. These results are supported by the in vitro findings that PEDF overexpression decreases osteosarcoma cell proliferation and invasion and also increases adhesion to collagen type-1.
The overall role of PEDF in the human body is still relatively unclear. However, it is a protein that is widely expressed throughout fetal and adult tissues including the brain, spinal cord, eye, liver, heart, lung and bone. 10 Given this wide distribution, PEDF's actions have shown to be pleiotropic and depending on the organ of expression, PEDF exhibits neuroprotective, neurotrophic, anti-angiogenic and anti-tumorigenic properties. Physiologically, we have previously demonstrated that PEDF is developmentally expressed within both cartilage and osteoblastic cells during the process of endochondral bone formation and have suggested that it plays a key regulatory role in osteoblastic differentiation, endochondral ossification and bone remodeling. 27 Furthermore, we have shown that the expression of PEDF within the avascular epiphyseal growth plate cartilage may contribute to its ability to inhibit the spatial progression of osteosarcoma. 28 Hence, based on these findings, we sought to further study the role of PEDF in osteosarcoma growth and metastasis, and determine its potential as a therapeutic anticancer target. Although previous investigators have shown inhibition of in vivo tumor growth with either PEDF gene transfer or recombinant PEDF treatment, 17 no studies have tested the role of PEDF within an orthotopic model of cancer. The importance of this lies firstly in the clinical relevance, but also in the fact that the tumor microenvironment plays an important paracrine role in regulating tumor growth and spread, hence the limitation of subcutaneous xenograft models. In both the syngeneic UMR 106-01 and human SaOS-2 models, primary tibial tumors become visible by approximately 2-3 weeks postinoculation, and spontaneous pulmonary metastases develop by week 5. 23, 24 Therefore, in our study, by using these models, we have shown, as proof of principle, that through stable PEDF overexpression, primary tumor growth is retarded by approximately 50-70%, and more impressively, there is almost complete inhibition of spontaneous pulmonary metastasis.
Clinical studies have demonstrated that decreased expression of PEDF within several tumors is associated with an increased MVD, greater metastatic potential and a poorer clinical outcome. 10 Although the mechanisms through which PEDF exerts its activity still remain to be clearly elucidated, it is apparent that its antitumor activity is multifaceted, having the ability to target tumor progression at various levels of the metastatic cascade, through direct effects on cell proliferation, apoptosis, invasion and differentiation, and indirectly through potent anti-angiogenesis. 10 Through the use of gene transfer, we have established, in vitro, that PEDF is effective in significantly decreasing osteosarcoma cell proliferation and also exerting anti-metastatic properties evidenced by inhibited invasion and increased collagen adhesion.
The ability of PEDF to inhibit directly tumor cell proliferation has been shown to occur at two levels, through induction of cell apoptosis via the Fas/Fas ligand (FasL) death pathway, 29 and also through regulation of the cell cycle leading to a decrease in the entry of cells into S phase. 30 In addition, PEDF has also demonstrated the capacity to promote cell differentiation in neuroblastoma 21 and prostate carcinoma cells, 31 although the mechanism by which this occurs is unknown. In bone, we have previously shown that PEDF is temporally expressed during endochondral bone formation, which suggests that PEDF has a key regulatory role in osteoblastic differentiation. 27 In osteosarcoma, this may contribute to the inhibition in cell proliferation seen, as the degree of differentiation is often inversely related to the rate of proliferation, with more differentiated and mature cells generally exhibiting slower growth kinetics. 32 In recent times, the role of angiogenesis in the pathogenesis of malignant tumors has been the subject of intense research. It is widely believed that in order for tumors to grow, invade and eventually metastasize, they must be able to continuously stimulate the ingrowth of new capillary blood vessels from the surroundings. 33 This is the result of an imbalance between pro-angiogenic factors (e.g., vascular endothelial growth factor (VEGF), basic fibroblast growth factor and transforming growth factor-beta) and anti-angiogenic factors (e.g., thrombospondin-1 (TSP-1), angiostatin and endostatin). Folkman postulated that as a result of the induction of the 'angiogenic switch' during tumor development, there is a threshold change in the balance between stimulatory and inhibitory influences in favor of angiogenesis. 34 Therefore, interruption of this process could theoretically halt the progression of many tumors that are dependent on angiogenesis for further growth. As previously mentioned, PEDF has shown to be the most potent of the known endogenous inhibitors of angiogenesis, being twice as potent as angiostatin and seven times as potent as endostatin. 9 It has shown to act by inducing apoptosis in endothelial cells through the Fas/FasL pathway, 29 and also by downregulating the expression of potent proangiogenic factors, such as VEGF. 35 As a result, in PEDF-deficient mice, several organs, including the pancreas, kidney and prostate, exhibit increased stromal vascularity and MVD. decreased expression of PEDF correlates with a higher MVD and a more-metastatic phenotype. 17, 36 In this present study, the anti-angiogenic activity of PEDF in osteosarcoma is demonstrated by its ability to inhibit in vivo angiogenesis, as reflected by the decreased MVD seen in tumors overexpressing PEDF. As osteosarcoma has shown to be a highly vascularized tumor, 36 this inhibition is likely to contribute to the reduction in primary tumor volume as well as preventing the development of metastatic disease.
In osteosarcoma, as with all malignant tumors, the establishment of metastatic disease remains the major challenge in management, as local recurrence rates after primary resections are relatively low. 3 Although it is possible that PEDF overexpression could inhibit metastases through anti-angiogenesis, inhibition of tumor cell proliferation and increased apoptosis, and pro-differentiation, we have also demonstrated the profound effects of PEDF on in vitro tumor cell invasion and adhesion and more impressively on the formation of metastases in vivo. The complete inhibition of metastases with PEDF overexpression strongly indicates that it plays a key antimetastatic role, possibly through regulation of the microenvironment or direct changes in tumor cell phenotype. In a study by Guan et al., 37 decreased cellular invasion of malignant U251 cells was also seen in cells overexpressing PEDF. They showed that this was associated with a significant downregulation in matrix metalloproteinase-9 (MMP-9) activity, which plays an important role in extracellular matrix degradation. In osteosarcoma, overexpression of MMP-9 has been shown to strongly correlate with the acquisition of metastatic potential and the development of pulmonary metastases. 38 Therefore, together with our findings that PEDF increases osteosarcoma cell adhesion to collagen type-1, which is abundant in bone, this indicates that PEDF may be central to regulating tumor cell invasion and subsequently metastasis.
In conclusion, our study provides strong evidence for the multifunctional role of PEDF in the inhibition of osteosarcoma growth, angiogenesis and metastasis. However, before the commencement of preclinical trials, further work is indeed needed to further understand the various mechanisms through which PEDF exerts its activity in osteosarcoma. In this study, through the overexpression of PEDF via plasmid-mediated gene transfer, we have demonstrated, both in vitro and in vivo, that PEDF may be a new and promising approach for the treatment of osteosarcoma.
